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SECURITY ELEMENT DISPLAYING A
VISUAL MOTION EFFECT AND METHOD
FOR PRODUCING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Application No. 61/439,591 filed Feb. 4, 2011, the
disclosure of which is expressly incorporated by reference
herein in its entirety. Moreover, this application claims prior-
ity under 35 U.S.C. §119(a) of European Application No. 111
53 523.3 filed Feb. 7, 2011, the disclosure of which is also
expressly incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of invention

The present invention is in the field of devices for the
protection of banknotes, documents of value, or articles in
general. It concerns a printed image comprising oriented pig-
ment particles. The image according to the invention shows a
dynamic visual motion effect upon tilting, such that one part
of'the image appears to move in a different plane than the rest.

2. Discussion of Background Information

Devices for the protection of documents, which display a
visual motion effect upon tilting, have been disclosed in U.S.
Pat. No. 7,738,175 by Steenblik et al. The devices comprise a
lenticular array, embodied in a plastic foil or the like, which is
associated with microprinted indicia on the document, e.g.
through an affixing of the said foil to the document. The
disclosure of this document is expressly incorporated by ref-
erence herein in its entirety.

Other types of devices for the protection of documents,
which display visual motion or “3-dimensional” optical
effects, have been disclosed in US 2004/0051297 and in the
corresponding international application WO 2004/007095, as
well as in WO 2008/009569. These effects are based on
surface coatings comprising oriented pigment particles,
whose orientation changes gradually across the coated sur-
face. The disclosures of the above-described documents are
expressly incorporated by reference herein in their entireties.

According to WO 2004/007095, a first visual effect, called
“Flip-Flop” effect (FIG. 1a), is based on a pigment orienta-
tion imitating a positively (i.e. towards the observer) curved
surface across the coating. The observer sees a specular
reflection zone, which moves with the rotation sense of tilt-
ing. The disclosure of this document is expressly incorpo-
rated by reference herein in its entirety.

According to WO 2004/007095, a second visual effect,
called “Rolling Bar” effect (FIG. 15), is based on a pigment
orientation imitating a negatively (i.e. away from the
observer) curved surface across the coating. The observer
sees a specular reflection zone, which moves against the
rotation sense of tilting. The disclosure of this document is
expressly incorporated by reference herein in its entirety.

US 2005/0106367, a continuation in part of US 2004/
0051297, further discloses a “double rolling bar”. Upon tilt-
ing the document the two “rolling bars™ seem to move against
each other. Also disclosed is a “double-tilt” feature, wherein,
upon tilting the document, a bright zone switches from one
part of the document to another. The disclosures of these
documents are expressly incorporated by reference herein in
their entireties.

SUMMARY OF THE EMBODIMENTS

Present inventors have found that, by an extension of the
principle outlined in US 2005/0106367, by combining first
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and second coatings applied to a plurality of first and second
contiguous zones on a substrate, such that the first coating
includes oriented pigment particles whose orientations imi-
tate a first curved surface, and the second coating includes
oriented pigment particles whose orientations imitate a sec-
ond curved surface different from said first curved surface, a
device showing a dynamic visual motion effect can be pro-
duced. The image represented by the first zones and the image
represented by the second zones appear to move in different
planes in space upon tilting the substrate. The dynamic visual
motion effect is some sort of optical illusion, simulating par-
allax, which is perceived upon changing the angle of view,
and which is displayed by the said combination of first and
second zones of coatings having said particular pigment ori-
entations. The device is useful as a security element or secu-
rity feature for the protection of banknotes, value documents,
identity documents or, generally any article which requires
authentication.

Herein, a “security element” or “security feature” shall
designate an element on a banknote or another security docu-
ment for the purpose of determining its authenticity and pro-
tecting it against counterfeits.

The device according to the invention includes a substrate
(S), and on the substrate (S) a plurality of jointly visible zones
of first (1) and of second (2) hardened coatings including
oriented pigment particles (P1, P2) in a transparent binder
(M1, M2). The first (1) hardened coating having a pigment
orientation imitating a first curved surface and the second (2)
hardened coating having a pigment orientation imitating a
second curved surface different from said first curved surface,
so that along a linear section through the device, at least one
zone of the second (2) hardened coating is contiguously
located between two zones of the first (1) hardened coating.

The zones of first (1) and of second (2) hardened coatings
are herein to be understood as zones along a linear section
through the device, along which the first, the second, and
again the first, etc. coating visibly appear in a sequence. On
the substrate, the first and the second hardened coatings may,
on the other hand, be present as arbitrarily shaped areas, such
as the intertwined “snail” structure shown in FIG. 65, which
comprises only each a single area of the first and of the second
coating, but in which the intertwining produces a larger plu-
rality of first and second zones in a sequence across a linear
section. The effect of the invention is noteworthy achieved
through the combined view of several alternating juxtaposed
zones of the first and the second coating, regardless on
whether these zones form united areas or not.

The first and the second coatings may further be disposed
either aside each other and/or on top of each other. “Aside
each other” means that the material coatings are either con-
tiguous or visually adjacent without substantial amounts of
intermediate space between them. Minor amounts of inter-
mediate space, such as a margin or a separation line, which do
not break up the “visual adjacency”, shall however still be
comprised under “aside each other”.

The coatings are present in a hardened state, having the
oriented particles fixed in their respective positions and ori-
entations.

“Imitate a curved surface” means herein that the individual
pigment particles, in particular pigment flakes, in the hard-
ened flat coating layer have orientations which correspond to
the tangential planes to the said curved surface at the respec-
tive projected locations of the particles onto the said curved
surface. FIG. 2a, 2b illustrate for a negatively and a positively
curved surface, respectively, how the pigment orientation in
the coating imitates the respective curved surface.
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“Jointly visible” means herein that the plurality of first and
second zones is visible as a combination, producing thereby
the effect of the invention.

“Contiguously located” means herein that the visible zones
are either contiguous or visually adjacent, without substantial
amounts of intermediate space between them. Minor amounts
of intermediate space, such as a margin or a separation line,
which do not break up the “visual adjacency”, shall however
still be comprised under “contiguously located”.

“Transparent” in the context of the present description
shall mean that the “transparent” item has at least one open
spectral window in the 400 nm to 700 nm wavelength range,
which allows a human observer to see through it.

A “magnet” in the context of the present description shall
stand for a single magnet, which may be a multipole magnet,
or for an assembly of single magnets forming a magnetization
unit; the single magnets may herein be permanent magnets or
electromagnets; a single magnet may further be statically
fixed within a magnetization unit, or dynamically movable,
e.g. rotatable, with respect to the magnetization unit and to the
coating whose pigment particles are to be magnetically ori-
ented. Certain magnetic orientation patterns can noteworthy
only be produced through a rotation or other relative move-
ment of a magnet with respect to the coating whose pigment
particles are to be magnetically oriented.

The delimitation between the first and the second zone
needs not to be a straight line; the delimitation may in fact be
of any form or shape. The second zone can in particular be
also any type of form or shape enclosed within the first zone,
or vice versa.

In a particularly preferred embodiment of the device
according to the present invention, along a linear section
through the device, in addition to at least one zone of the
second (2) hardened coating being contiguously located
between two zones of the first (1) hardened coating, at least
one of the two zones of said first (1) hardened coating is
contiguously located within two zones of the second (2) hard-
ened coating. A device which is defined by at least two first
and two second zones in a sequence along the linear section
through the device even better displays the dynamic effect of
first and second planes in space. Even more preferably, to
produce a perfect optical illusion of first and second planes in
space, the device has, along a linear section, an alternating
contiguous pattern of more than two zones of the first (1)
and/or more than two zones of the second (2) hardened coat-
ings.

The first and the second curved surfaces in the device
according to the present invention must be different from each
other in at least one of the following properties: i) the sign of
curvature, which may be positive, towards the observer, or
negative, away from the observer; ii) the amount of curvature,
which may be high or low; iii) the direction or axis of curva-
ture; iv) the nature of curvature which may in particular be
cylindrical, conical, elliptical, spherical or saddle-shaped.

The locations of the apices of the curved surfaces may be
chosen at convenience, e.g. if cylindrically curved surfaces of
positive and negative curvature are represented by coating (1)
and coating (2), respectively, the alternating zones may be
aligned such as to make coincide all apices, forming a “chan-
nel” of e.g. alternating positive and negative curvature. Alter-
natively, the zones may also be disposed such that the apices
look in a traverse or oblique sense, such as to form an “undu-
lated” structure. In particular, any spatial arrangement may be
used.

In the combination of first and second curved surfaces, the
respective curvatures must be sufficiently different from each
other, such that a relative movement of the image in the zones
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4

of the first coating against the image in the contiguously
located zones of the second coating, i.e. the dynamic motion
effect, can be clearly observed upon tilting the device.

The substrate of the device according to the present inven-
tion may be chosen among all suitable substrate materials,
particularly preferred is a paper substrate, an opaque or opaci-
fied polymer substrate, a transparent polymer substrate or a
metallic substrate such as a metal or preferably a metallized
foil.

In case of a transparent substrate, the first (1) and said
second (2) hardened coating may further be disposed on the
recto and on the verso side, respectively, of the substrate.

The first and/or said second hardened coating my further be
present in the form of indicia selected from the group con-
sisting of the simple geometric figures or patterns, the letters,
the texts, the logos and the images. Examples of a simple
geometric figure or pattern comprise a “fractured bar” (FIG.
7) or a “checkered” pattern.

In a more sophisticated embodiment, the first and/or the
second coatings are present in the form of indicia, such as a
text or a logo or an image; e.g. a second, fine-line coating
representing second indicia can be applied over a first, coarse-
line coating representing first indicia. Upon tilting the device,
the first and second indicia appear to move relative to each
other, such that they are visually perceived as belonging to
different planes in space, resulting in a dynamic 3-dimen-
sional depth effect through simulation of parallax.

The visual perception of the the first and the the second
coating as belonging to different planes in space can be fur-
ther enhanced through the choice of different colors and the
use of different pigments in the first and second coatings.

The pigment particles in the individual coatings may in
particular be oriented according to a one-dimensionally
curved surface (e.g. a cylinder or conical surface) or accord-
ing to a two-dimensionally curved surface (e.g. a spherical,
elliptical, or saddle-shaped surface). In case of a two-dimen-
sionally curved surface, the curvatures in the first and in the
second dimension may noteworthy be different (e.g. an ellip-
tically curved surface or a saddle-shaped surface). A two-
dimensionally curved pigment orientation has the advantage
that a dynamic 3-dimensional depth effect can be produced
for viewing and tilting along all directions. For a one-dimen-
sionally curved pigment orientation, the dynamic depth effect
is restricted to a preferred viewing and tilting direction.

The orienting of the pigment particles is most easily per-
formed through the application of correspondingly structured
magnetic fields during or following the application of the
coating composition containing them, as known from WO
2004/007095, WO 2005/002866, WO 2008/009569, or WO
2008/046702. The disclosures of the above-described docu-
ments are expressly incorporated by reference herein in their
entireties.

To this aim, the pigment particles are preferably magnetic,
which means that they preferably include a permanent mag-
netic or a magnetizable, i.e. a hard-magnetic or a soft-mag-
netic material of the ferromagnetic or ferrimagnetic type.

The oriented pigment particle in said first and/or said sec-
ond hardened coating are preferably selected from the group
comprising the flake-shaped vacuum-deposited magnetic
thin-film interference pigment particles.

Preferred oriented pigment particles (P) in said first and/or
said second hardened coating are optically variable magnetic
pigment particles.

Most preferred pigments are the vacuum-deposited opti-
cally variable magnetic thin-film interference pigments, such
as the optically variable magnetic pigment flakes of the type
disclosed in U.S. Pat. No. 4,838,648 and WO 02/073250. The
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disclosures of the above-described documents are expressly
incorporated by reference herein in their entireties.

The coating compositions (C1, C2) for embodying the
present invention can be formulated according to WO 2007/
131833. They are preferably formulated for and applied by a
printing method chosen from the group of silkscreen printing,
flexographic printing, and gravure printing. The disclosure of
the above-described document is expressly incorporated by
reference herein in its entirety.

After complete orientation of the pigment particles, the
coating composition is hardened, thereby freezing the orien-
tations and positions of the pigment particles in the transpar-
ent binder containing them. Most preferred is an instant hard-
ening (curing) of the applied composition through radiation
curing, i.e. UV-curing or electron beam curing. The term
“UV-curing” shall herein also comprise curing by short-wave
visible light in the violet, blue, and green range of the spec-
trum.

More than two different areas of coatings, including ori-
ented pigment particles in a solid transparent binder wherein
the pigment particles are oriented according to different
curved surfaces, may be applied to the substrate; the device
may noteworthy include a plurality of areas of coatings, aside
each other and/or on top of each other, visible in different
regions of the coated surface. The curved surfaces differ from
each other in at least one of the following properties: 1) the
sign of curvature, which may be positive, towards the
observer, or negative, away from the observer; ii) the amount
of curvature, which may be high or low; iii) the direction or
axis of curvature; iv) the nature of curvature which may in
particular be cylindrical, conical, elliptical, spherical or
saddle-shaped.

In the case of transparent polymer substrates (as used for
windows and security threads or stripes), interesting comple-
mentary effects can be produced by applying the combination
of first and second coatings either on a same side or else on
different sides of the transparent substrate. The first and the
second coatings may furthermore overlap each other.

Of further interest is a combination of the first and second
coatings with at least one further coating, applied aside the
others and/or on top of the others, including oriented pigment
particles.

The first coating may e.g. represent first fine-line indicia on
atransparent substrate, which are visible from below through
the substrate; the second coating may e.g. represent a coarse-
line background serving for both, viewing from below and
viewing from above, and the further coating may, e.g. repre-
sent second fine-line indicia which are visible from above the
substrate.

The first and/or the second hardened coating may addition-
ally include at least one further additional color-shifting pig-
ment selected from the group consisting of the vacuum-de-
posited optically variable thin-film interference pigments
having an all-dielectric or a metal-dielectric interference
design, the coated metal-core particles, the coated dielectric
particles, the cholesteric liquid crystal polymer pigments, the
embossed holographic pigments, and the mixtures thereof.

The first and/or the second hardened coating may further
additionally include a dye and/or at least one further, non-
color-shifting pigment, which may be selected from the group
consisting of the metallic pigments, the subtractive color
pigments, the additive color pigments, the non-color-shifting
interference pigments, and the mixtures thereof.

The device according to the present invention may further
include a combination of areas coated with a composition
including optically variable pigment and areas coated with a
composition not including optically variable pigment.
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6

Disclosed is further a method for producing the device
according to the present invention, the method includes the
step of applying to a substrate (S) a plurality of areas of first
(C1) and of second (C2) coating compositions comprising
pigment particles (P1, P2) in a transparent binder (M1, M2),
orienting the pigment particles (P1) in the applied first (C1)
coating composition such as to imitate a first curved surface,
orienting the pigment particles (P2) in the applied second
(C2) coating composition such as to imitate a second curved
surface different from the first curved surface, and hardening
the first and the second coating compositions to obtain first
and second hardened coatings (1, 2) having the oriented par-
ticles fixed in their respective positions and orientations
wherein the areas of first (C1) and of second (C2) coating
compositions are applied such that, along a linear section
through the device, at least one zone of the second (2) hard-
ened coating is contiguously located between two zones of
the first (1) hardened coating.

In a variant of the method, the zones of first (C1) and of
second (C2) coating compositions are applied such that addi-
tionally at least one of the two zones of said first (1) hardened
coating is contiguously located within two zones of the sec-
ond (2) hardened coating.

The first and the second curved surfaces are different from
each other in at least one of the following properties: 1) the
sign of curvature, which may be positive, towards the
observer, or negative, away from the observer; ii) the amount
of curvature, which may be high or low; iii) the direction or
axis of curvature; iv) the nature of curvature which may in
particular be cylindrical, conical, elliptical, spherical or
saddle-shaped.

The substrate (S) is preferably selected from the group
consisting of the paper substrates, the opaque or opacified
polymer substrates, the transparent polymer substrates and
the metallic substrates.

The first and the second coatings are each preferably
applied by a printing process chosen from silkscreen printing,
flexographic printing and gravure printing, using coating
compositions which are formulated such as to fit the chosen
printing process.

In a particularly preferred embodiment, at least one of the
first and second coatings include optically variable magnetic
pigment of the type disclosed in U.S. Pat. No. 4,838,648 and
WO 02/073250. Using optically variable magnetic pigment
allows for the incorporation of viewing-angle dependent
color shifting properties as a supplementary security feature.

The coating composition is preferably formulated for and
hardened by radiation curing, selected from UV-curing and
electron-beam curing.

In a particular embodiment, the first and the second coating
compositions (C1, C2) can be applied to the recto and to the
verso side, respectively, of a transparent substrate (S).

The pigment particles (P1, P2) in the first and the second
coating compositions (C1, C2) are preferably magnetic pig-
ment particles, comprising a permanent-magnetic or a mag-
netizable material of the ferromagnetic or ferrimagnetic type,
and the orienting the pigment particles (P1, P2) in the applied
first and second coating compositions (C1, C2) is correspond-
ingly performed by applying magnetic fields.

The pigment particles (P1, P2) in the first and/or the second
coating compositions (C1, C2) are preferably selected from
the group including the flake-shaped vacuum-deposited mag-
netic thin-film interference pigment particles.

Most preferably, the pigment particles (P1, P2) in the first
and/or said second coating compositions (C1, C2) are opti-
cally variable magnetic pigment particles.
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The first hardened coating (1) can be produced, i.e. applied,
oriented, and hardened, subsequent to the second hardened
coating (2), or vice versa. The subsequent production of the
coatings (1, 2) has the advantage of allowing the coatings to
be applied on top of each other. The steps of applying, ori-
enting, and hardening a coating composition including pig-
ment particles (P1, P2) in a transparent binder (M1, M2) may
be repeated at will, to produce further coatings on said sub-
strate (S) and/or said coatings (1, 2).

In a particular embodiment of the method, the first hard-
ened coating (1) and the second hardened coating (2) are
produced in a single operation through the following
sequence of steps

a) applying a coating composition (C), including magnetic
or magnetizable pigment particles (P) onto a substrate
S

b) orienting the magnetic or magnetizable pigment par-
ticles (P) according to the first curved surface by apply-
ing a first magnetic field;

¢) selectively hardening the applied coating composition
(C) in first areas (A1), hereby fixing the magnetic pig-
ment particles (P) in their positions and orientations;

d) orienting the magnetic or magnetizable pigment par-
ticles (P) in the unhardened part of the coating compo-
sition (C) according to said second curved surface by
applying a second magnetic field;

e) hardening the applied coating composition (C) in second
areas (A2), hereby fixing the magnetic pigment particles
(P) in their positions and orientations.

Producing the coatings (1, 2) in a single operation has the
advantage of allowing printing with a single ink composition,
to produce said zones in perfect register.

In a particular embodiment of the method, the magnetic
pigment particles (P, P1) are oriented according to the first
curved surface by applying a magnet a first time from the
bottom of the substrate, and the magnetic pigment particles
(P, P2) are oriented according to the second curved surface by
applying a magnet a second time from the top of the substrate,
or vice versa, as illustrated in FIG. 5.

The device according to the present invention can be used
as a security element for the protection of security documents
such as banknotes, value documents, passports, identity
cards, banking cards, credit cards, access documents or
access cards, transportation tickets or cards, tax banderoles,
product labels, as well as for commercial goods.

Disclosed is also a security document such as a banknote,
avalue document, a passport, anidentity card, a banking card,
a credit card, an access document or access card, a transpor-
tation ticket or card, a tax banderole, a product label or a
commercial good, carrying one or more devices according to
the present invention.

Other exemplary embodiments and advantages of the
present invention may be ascertained by reviewing the
present disclosure and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FIG. 1a schematically illustrates a pigment orientation of
the prior art, producing a visual “Flip-Flop” effect;

FIG. 15 schematically illustrates a pigment orientation of
the prior art, producing a visual “Rolling-Bar” effect;
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FIGS. 2a and 25 illustrate for a negatively and a positively
curved surface, respectively, how the pigment flakes (1) in the
coating layer (2) imitate the curved surface (3) by their ori-
entation in the coating;

FIG. 3a schematically depicts a first embodiment of the
device of the present invention, having a zone of a second
hardened coating (2) contiguously located between two zones
of'a first hardened coating (1) on a substrate (S). The first and
second coatings comprise oriented pigment particles (P) in a
transparent binder (M);

FIG. 35 schematically depicts a second embodiment of the
device of the present invention, having, on a substrate (S), a
smaller area of a second hardened coating (2), comprising
oriented pigment particles (P2) in a transparent binder (M2),
applied over a larger area of a first hardened coating (1),
comprising oriented pigment particles (P1) in a transparent
binder (M1) such that said first (1) coating appears contigu-
ously located between two zones of said second (2) coating;

FIG. 3¢ schematically depicts a third embodiment of the
device of the present invention, wherein said first (1) and said
second (2) hardened coatings partially overlap each other;

FIG. 4 schematically depicts a linear cross-section through
a device of the present invention, having a “checkered” struc-
ture:

a) a first embodiment having a plurality of first (1) and
second (2) coatings contiguously located between each
other on a substrate (S);

b) a second embodiment having a plurality of second coat-
ings (2) printed over a first coating (1) on a substrate (S)
such that said first (1) and second (2) coatings appear
contiguously located between each other;

¢) a third embodiment having a plurality of first coatings
(1) applied to the recto side of a flat transparent substrate
(S) and a plurality of second coatings (2) applied to the
verso side of said flat transparent substrate (S) such that
said first (1) and second (2) coatings appear contigu-
ously located between each other;

d) a fourth embodiment, similar to the embodiment of FIG.
4c¢, wherein said first (1) and said second (2) coatings
partially overlap each other;

FIG. 5 schematically illustrates the use of a same type of
magnet or magnetic field to orient magnetically orientable
pigment particles in first (1) and second (2) coatings accord-
ing to first and second curved surfaces, respectively: (1) appli-
cation from below the substrate/coating for producing a pig-
ment orientation imitating a negatively curved surface, and
(2) application from above the substrate/coating for produc-
ing a pigment orientation imitating a positively curved sur-
face;

FIG. 6 shows a photographic picture of a device according
to the present invention, a) in orthogonal (leftimage) and b) in
oblique (tilted) view (right image). Upon tilting the device,
the “snail” appears to float above the plane of the background;

FIG. 7 schematically depicts a “fractured bar” type device
according to the present invention. A zone of a second coating
imitating a second curved surface is contiguously located
between two zones of a first coating imitating a first curved
surface. Upon tilting the device (up, down), said first and
second zones appear to move in different planes in space with
respect to each other.

a) shows a zone of positive cylindrical curvature located
between two zones of negative cylindrical curvature,
having their apices aligned such as to form an “undu-
lated” structure;
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b) shows a zone of negative cylindrical curvature located
between two zones of positive cylindrical curvature,
having their apices aligned such as to form a “channel”
structure;

¢) shows a zone of positive cylindrical curvature located
between two zones of negative cylindrical curvature,
having their apices aligned such as to form a “channel”
structure

d) illustrates the pigment orientation in a device of the type
of FIG. 7¢);

e) shows a further extension of the device of the type of
FIG. 7a); and

FIG. 8 schematically illustrates a further embodiment of

the device of the present invention, wherein the first and the
second coating appear in the form of indicia: a) background
layer of negative curvature; b) second, overprinted layer of
positive curvature (the hashed parts are printed); c¢) superpo-
sition of background and second layers; d) “double-rolling-
bar” effect displayed by the superposition upon tilting: The
bright zone of letter “A” moves with the rotational sense of
tilting; the bright zone of letter “B” moves against the rota-
tional sense of tilting.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description taken with the
drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied in
practice.

EXAMPLES

The present invention is further described by reference to
non-limiting examples and drawings.

Example 1

Afirstcoating (1) is applied in the form of two square zones
of 100 mm? each, printed 10 mm apart, as illustrated in FIG.
7c, on a sheet of cotton-based paper with a silkscreen UV-
drying ink containing platelet-like magnetic optically vari-
able pigment particles as described in example 2a of EP 2 024
451 B1. A magnetic field is used to orient said platelet-like
magnetic particles in said two zones, while the ink is still wet.
The magnetic field used to orient said particles is generated by
a permanent magnet (Strontium ferrite, 10 mmx10 mmx40
mm) located 3 mm below the substrate, on the side of the
substrate opposite said coating (1), with the axis of polariza-
tion of the magnet parallel to the substrate, and perpendicular
to an imaginary line joining the centers of each one of said
two zones, thus creating a negatively curved reflective surface
according to the invention. Once oriented, said two zones
reflect light in such a way that their visual aspect resembles
two parts of a single shiny solid metallic cylinder. The ink in
coating (1) is cured under UV illumination, permanently
locking the orientation of the reflective color-shifting flakes.
A second coating (2) is applied to form a third zone of 100
mm? located in between said first two zones using the same
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ink composition. This second coating, while still wet on the
substrate, is subjected to a magnetic field generated by said
magnet, located 3 mm above the surface of the substrate, on
the same side as the coating (2), thus creating a positively
curved reflective surface according to the present invention.
With the flake-like pigments oriented, said zone reflects light
in such a way that it visually resembles the internal surface of
ahollow metallic cylinder. Said second coating is cured under
ultraviolet illumination, permanently locking the orientation
of'the reflective flakes. Example 1 shows a conspicuous visual
effect characterized by a downward movement of the reflec-
tions emanating from the two zones in coating 1 accompanied
by a simultaneous upward movement of the reflection ema-
nating from the single zone in coating 2, as the print is tilted
backwards. Here tilting backwards means rotating the printed
substrate about an axis located in the plane of the substrate,
passing through all 3 printed zones, so that the top of the
substrate moves away from the observer whilst the bottom of
the substrate moves toward the observer.

Example 2

A first coating (1) is applied in the form of two square zones
of 100 mm? each, printed 10 mm apart, as illustrated in FIG.
7e, on a sheet of transparent polymer substrate with a silk-
screen UV-drying ink containing platelet-like magnetic opti-
cally variable pigment particles as described in example 3 of
EP 2 024 451 B1. A magnetic field is used to orient said
platelet-like magnetic particles in said two zones, while the
ink is still wet. The magnetic field used to orient said particles
is generated by two permanent magnets (Strontium ferrite, 10
mmx12 mmx24 mm), 20 mm apart from each other, located
3 mm below the substrate, i.e. on the side of the substrate
opposite the coating (1), with the axis of polarization of each
magnet parallel to the substrate, and parallel to an imaginary
line joining the centers of each one of said two zones, thus
creating negatively curved reflective surfaces according to the
invention when observed from the side printed with coating
(1). Hence, with the flake-like pigments oriented, each of said
two zones reflects light in such a way that its visual aspect
resembles part of a shiny solid metallic cylinder. The ink in
coating 1 is cured under UV irradiation, permanently locking
the orientation of the reflective color-shifting flakes. A second
coating (2) is applied on the opposite side of the substrate
relative to the first coating, to form a second set of two zones
of 100 mm? located above and below one of said first two
zones, as depicted in FI1G. 7e, using the same ink composition.
This second coating, while still wet on the substrate, is sub-
jected to a magnetic field generated by said set of two mag-
nets, positioned 3 mm below the surface of the substrate, on
the side opposite the coating (2), thus creating positively
curved reflective surfaces according to the present invention
when observed from the side printed with coating (1). Once
oriented, said zones reflect light in such a way that each zone
visually resembles the internal surface of a hollow metallic
cylinder. Said second coating (2) is cured under ultraviolet
irradiation, permanently locking the orientation of the reflec-
tive flakes. When observed from the side printed with coating
(1), example 2 shows a conspicuous visual effect character-
ized by a downward movement of the reflections emanating
from the two zones in coating (1) accompanied by a simulta-
neous upward movement of the reflection emanating from the
two zones in coating (2), as the print is tilted backwards. Here
tilting backwards means rotating the printed substrate about
an axis located in the plane of the substrate, passing through
the center of the printed surface and perpendicular to the
imaginary line connecting the center of the four printed
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zones, so that the top of the substrate moves away from the
observer whilst the bottom of the substrate moves toward the
observer. When observed from the side printed with coating
(2), the apparent motion of each bright reflection is reversed.

Example 3

Example three, shown in FIG. 6, comprises two areas
printed with an ink composition containing orientable reflec-
tive flakes. A first coating (1) is applied in the form a solid
circular area with a diameter of 29 mm, printed, on a sheet of
cotton-based paper with a silkscreen UV-drying ink contain-
ing platelet-like magnetic optically variable pigment particles
as described in example 2a of EP 2 024 451 B1. A spatially
periodic magnetic field is used to orient said platelet-like
magnetic particles in said area, while the ink is still wet. The
magnetic field used to orient said particles is generated by a
flat multipolar magnetic device located 1.5 mm above the
substrate, thus creating a positively curved reflective surface
according to the invention. With the constituent magnetic
pigment thus oriented, said zone reflects light in such a way
that it resembles the surface of a shiny corrugated iron sheet.
The ink in coating (1) is cured under UV illumination, per-
manently locking the orientation of the reflective color-shift-
ing flakes. A second coating (2) is applied using the same ink
composition to cover an area located essentially within said
first circular area, forming a broad spiral shape. Applying
coating (2) in said shape has the effect of creating a plurality
of zones within coating (1) and coating (2). Said second
coating, while still wet on top of the cured coating (1), is
subjected to a periodic magnetic field generated by said mag-
netic device, located 1.5 mm below the surface of the sub-
strate, on the same side as coating (2), thus creating a nega-
tively curved reflective surface according to the present
invention. With the constituent magnetic pigment thus ori-
ented, said second zone reflects light in such a way that it
resembles the surface of a shiny corrugated iron sheet. Said
second coating is cured under ultraviolet illumination, per-
manently locking the orientation of the reflective flakes.
Example 3 shows a conspicuous visual effect characterized
by a downward movement of the reflections emanating from
all zones in coating (1) accompanied by a simultaneous
upward movement of the reflection emanating from all zones
in coating (2), as the print is tilted backwards.

It is noted that the foregoing examples have been provided
merely for the purpose of explanation and are in no way to be
construed as limiting of the present invention. While the
present invention has been described with reference to an
exemplary embodiment, it is understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated
and as amended, without departing from the scope and spirit
of the present invention in its aspects. Although the present
invention has been described herein with reference to particu-
lar means, materials and embodiments, the present invention
is not intended to be limited to the particulars disclosed
herein; rather, the present invention extends to all functionally
equivalent structures, methods and uses, such as are within
the scope of the appended claims.

What is claimed:

1. A device comprising:

a substrate, and

a plurality of jointly visible zones of first and of second

hardened coatings on the substrate, the first and second
hardened coatings comprising oriented pigment par-
ticles in a transparent binder, such that said first hard-
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ened coating has a pigment orientation imitating a first
curved surface with a first nature of curvature that is
saddle-shaped and said second hardened coating has a
pigment orientation imitating a second curved surface
with a second nature of curvature that is saddle-shaped
and different from said first nature of curvature,
wherein, along a linear section through the device viewed
perpendicularly to the substrate, at least one zone of said
second hardened coating is contiguously located
between two zones of said first hardened coating.

2. The device according to claim 1, wherein, along the
linear section through the device viewed perpendicularly to
the substrate, additionally at least one of said two zones of
said first hardened coating is contiguously located within two
zones of said second hardened coating.

3. The device according to claim 1, wherein said first and
said second coatings are disposed either aside each other
and/or on top of each other.

4. The device according to claim 1, wherein said substrate
is selected from the group consisting of paper substrates, the
opaque or opacified polymer substrates, transparent polymer
substrates and metallic substrates.

5. The device according to claim 1, wherein said first and
said second hardened coatings are disposed on a recto and on
a verso side, respectively, of a transparent substrate.

6. The device according to claim 1, comprising a combi-
nation of said first and said second coatings with at least one
further coating comprising oriented pigment particles.

7. The device according to claim 1, wherein said first and/
or said second hardened coating is present in the form of
indicia selected from the group consisting of simple geomet-
ric figures or patterns, letters, texts, logos and images.

8. The device according to claim 1, wherein said oriented
pigment particle in said first and/or said second hardened
coating is a magnetic pigment particle, comprising a perma-
nent-magnetic or a magnetizable material of ferromagnetic or
ferrimagnetic type.

9. The device according to claim 1, wherein said oriented
pigment particle in said first and/or said second hardened
coating the flake-shaped vacuum-deposited magnetic thin-
film interference pigment particles.

10. The device according to claim 1, wherein said oriented
pigment particle in said first and/or said second hardened
coating is an optically variable magnetic pigment particle.

11. The device according to claim 1, wherein said first
and/or said second hardened coating comprises at least one
color-shifting pigment selected from the group consisting of
vacuum-deposited optically variable thin-film interference
pigments having an all-dielectric or a metal-dielectric inter-
ference design, coated metal-core particles, coated dielectric
particles, cholesteric liquid crystal polymer pigments,
embossed holographic pigments, and mixtures thereof.

12. The device according to claim 11, wherein said first
and/or said second hardened coating comprises a dye and/or
at least one non-color-shifting pigment.

13. The device according to claim 1, wherein the device
comprises a combination of areas coated with a composition
comprising optically variable pigment and areas coated with
a composition not comprising optically variable pigment.

14. A method of forming the device according to claim 1,
the method comprising:

arranging the plurality of jointly visible zones so that the at

least one zone of the second hardened coating is con-
tiguously located between the two zones of the first
hardened coating; and

hardening, on the substrate, the plurality of jointly visible

zones comprising the first hardened coating comprising
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the pigment particles oriented in the transparent binder
according to the saddle-shaped first nature of curvature
and the second hardened coating comprising the pig-
ment particles oriented in the transparent binder accord-
ing to the saddle-shaped second nature of curvature that
is different from the saddle-shaped first nature of curva-
ture.

15. A method for producing the device of claim 1, com-
prising:

applying a plurality of areas of first and of second coating

compositions to a substrate, the first and second coating
compositions comprising pigment particles in a trans-
parent binder;
orienting the pigment particles in said applied first coating
composition so as to imitate the first curved surface with
the first nature of curvature that is saddle-shaped;

orienting the pigment particles in said applied second coat-
ing composition so as to imitate the second curved sur-
face with the second nature of curvature that is saddle-
shaped different from said first imitated curved surface;
and

hardening said first and said second coating compositions

to obtain first and second hardened coatings having the
oriented particles fixed in their respective positions and
orientations,

wherein said areas of first and of second coating composi-

tions are applied such that, along a linear section through
the device viewed perpendicularly to the substrate, at
least one zone of said second hardened coating is con-
tiguously located between two zones of said first hard-
ened coating.

16. The method according to claim 15, wherein said areas
of first and of second coating compositions are applied such
that additionally at least one of said two zones of said first
hardened coating, when viewed along the linear section and
perpendicularly to the substrate, is contiguously located
within two zones of said second hardened coating.

17. The method according to claim 15, wherein said sub-
strate is selected from the group consisting of paper sub-
strates, opaque or opacified polymer substrates, transparent
polymer substrates and metallic substrates.

18. The method according to claim 15, wherein said first
and said second coatings are applied by a printing process
chosen from silkscreen printing, flexographic printing and
gravure printing, using a corresponding coating composition.

19. The method according to claim 18, wherein the coating
composition is formulated for and hardened by radiation cur-
ing, selected from UV-curing and electron-beam curing.

20. The method according to claim 15, wherein said first
and said second coating compositions are applied to recto and
to verso side, respectively, of a transparent substrate.

21. The method according to claim 15, wherein said pig-
ment particles in said first and said second coating composi-
tions are magnetic pigment particles comprising a perma-
nent-magnetic or a magnetizable material of ferromagnetic or
ferrimagnetic type, and wherein said orienting of the pigment
particles in said applied first and second coating compositions
is performed by applying magnetic fields.

22. The method according to claim 15, wherein said pig-
ment particles in said first and/or said second coating com-
positions comprise the flake-shaped vacuum-deposited mag-
netic thin-film interference pigment particles.
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23. The method according to claim 15, wherein said pig-
ment particles in said first and/or said second coating com-
positions are optically variable magnetic pigment particles.

24. The method according to claim 15, wherein the first
hardened coating is produced subsequent to the second hard-
ened coating.

25. The method according to claim 15, wherein said first
and said second coatings are applied either aside each other
and/or on top of each other.

26. The method according to claim 15, wherein the first
hardened coating and the second hardened coating are pro-
duced in a single operation through a sequence comprising:

a) applying a coating composition, comprising magnetic or
magnetizable pigment particles onto a substrate;

b) orienting said magnetic or magnetizable pigment par-
ticles according to said first curved surface by applying
a first magnetic field;

c) selectively hardening said applied coating composition
in first areas, thereby fixing the magnetic pigment par-
ticles in their positions and orientations;

d) orienting said magnetic or magnetizable pigment par-
ticles in an unhardened part of the coating composition
according to said second curved surface by applying a
second magnetic field;

e) hardening said applied coating composition in second
areas, thereby fixing the magnetic pigment particles in
their positions and orientations.

27. The method according to claim 26, wherein the apply-
ing, orienting, and hardening of a coating composition com-
prising pigment particles in a transparent binder are repeated
to produce further coatings on said substrate and/or said coat-
ings.

28. The method according to claim 26, wherein the mag-
netic pigment particles are oriented according to said first
curved surface by applying a magnet from a bottom of the
substrate, and the magnetic pigment particles are oriented
according to said second curved surface by applying a magnet
from a top of the substrate.

29. The method according to claim 26, wherein the mag-
netic pigment particles are oriented according to said second
curved surface by applying a magnet from a bottom of the
substrate, and the magnetic pigment particles are oriented
according to said first curved surface by applying a magnet
from a top of the substrate.

30. The method according to claim 15, wherein the second
hardened coating is produced subsequent to the first hardened
coating.

31. A method of protecting a commercial good or a security
document selected from the group consisting of banknotes,
value documents, passports, identity cards, banking cards,
credit cards, access documents or cards, transportation tickets
or cards, tax banderoles, and product labels, the method com-
prising:

applying the device according to claim 1 onto a substrate,

wherein the substrate comprises the commercial good or
security document.

32. An article selected from commercial goods and the
group of security documents consisting of banknotes, value
documents, passports, identity cards, banking cards, credit
cards, access documents or cards, transportation tickets or
cards, tax banderoles, and product labels, wherein the article
carries one or more devices according to claim 1.
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